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Abstract

The realization that one can no longer build out of congestion while preserving the urban environ-
ment has led to an increasing interest in the potential application of transportation control mea-
sures (TCM) for curbing travel demand. One such TCM that is being considered by transportation
planning agencies around the country is parking pricing where parking prices and/or taxes are
imposed in an attempt to encourage travelers (and more specifically, commuters) to consider alter-
native modes of transportation. However, very little data and information is available on the poten-
tial impacts of parking pricing based transportation control measures and the secondary and
tertiary impactsin people’ stravel pattern that they may bring about. As such, thereisaneedin the
transportation planning community for data on how parking pricing based TCM’s may impact
travel behavior and commuting patterns.

This presentation is aimed at filling this critical planning need by providing an analysis of stated
response data collected from a sample of commuters in the Washington, D.C. metropolitan arein
1994. The data collection effort involved the administration of an elaborate activity-based travel
survey together with a TCM questionnaire that collected information on how commuters would
adapt to parking pricing based TCM’s. Hypothetical parking pricing scenarios were presented to
the survey respondents and their state adaptions or responses were recorded. In addition, the
effects of the state adaptation on their revealed activity -travel patterns brought about by the TCM.
The survey sample consists of 656 commutes who responded to two type of parking pricing based
TCM’s. Thefirst TCM isapure parking pricing strategy while the second is a parking pricing
strategy coupled with an employer-paid commuter voucher that employees could use toward trans-
portation costs.

The presentation will include a description of the survey sample and their stated responses to the
parking pricing strategies. Standard multivariate statistical procedures will be used to identify
socio-economic, demographic, and travel characteristics that significantly influence the type of
response that acommuter islikely to exhibit when faced with a parking pricing based TCM. Based
on the descriptive statistical analysis, a discrete choice model of stated response to parking pricing
strategies will be estimated to provide a mechanism by which planners can assess the potential
impacts of various parking pricing strategies.

Urban areas around the world are having to deal with increasing levels of traffic congestion and

vehicular emissions. Economic and environmental constraints associated with building new infra-

structure have motivated transportation planners to embrace a series of strategies, termed trans-
portation control measures (TCMs), aimed at curbing vehicular travel demand® 2. One such

TCM, commonly referred to as parking pricing, involves the levying of parking charges or taxes

in an attempt to encourage travelers to use alternative modes of transportati on®> 4,

Parking pricing may influence travel behavior in several ways. In order to avoid the parking sur-
charge, travelers may switch to an aternate mode of transportation that does not involve parking
such astransit, bicycle, or walk. On the other hand, one may choose to car or van pool to sharethe
parking costs among several passengers thereby reducing the financial impact of the parking pric-
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ing scheme. Alternatively, one may visit new destinations (where parking pricing is not prevalent)
for pursuing non-work trip purposes even though these destinations are inferior to those visited
previoudly. In addition, behavioral responses such as choosing to telecommute, changing work or
home locations, and parking in alternate locations (resulting in longer walking distances) are also
conceivable.

Thereisvery little information about the potential impacts of parking pricing schemes on traveler
behavior. Without sufficient data on potential traveler responses to parking pricing strategies, it is
virtually impossible to quantitatively predict the impacts of various parking pricing measures on
vehicular travel demand. This paper isaimed at filling this critical research need by providing an
analysis of stated response data collected from a sample of commuters in the Washington, D.C.
metropolitan areain 1994. The data collection effort involved the administration of an elaborate
activity-based travel survey together with a TCM response questionnaire that collected informa-
tion on how commuters might adapt in the event of a parking pricing implementation. Hypotheti-
cal parking pricing scenarios were presented to the survey respondents and their stated
adaptations or responses were recorded.

This paper provides an exploratory analysis of commuter response to parking pricing that may
guide subsequent efforts aimed at developing predictive models of behavior. The distributions of
commuter responses cross-classified by selected socio-demographic and travel characteristics are
examined to identify those variables that significantly influence commuter behavior in the event
of parking pricing. Thisisfollowed by a multivariate discriminant analysis that provides a clearer
understanding of the combinations of explanatory variables that best distinguish anong various
response groups.

This paper is organized as follows. Following this introductory section, a description of the data
set and survey sample used in this study is provided. The third section provides results of a bivari-
ate descriptive statistical analysis aimed at identifying socio-demographic and travel indicators
that are significantly related to commuters’ stated response to parking pricing. The fourth section
provides results of the discriminant analysis that was conducted to explore relationshipsin a mul-
tivariate statistical framework. Based on the results of the exploratory analysis presented in this
paper, conclusions are drawn and directions for further research are outlined in the last section.

Description of Data Set and Survey Sample

The data set used for this study was derived from an elaborate activity-based travel survey that
was administered to arandom sample of 656 commuters in the Washington, D.C. metropolitan
areain 1994°. In addition to gathering socio-demographic characteristics and revealed preference
activity and travel data, the survey collected stated adaptation data on commuter responses to
hypothetical scenarios of six transportation control measures. One of the six measuresincluded in
the survey was parking pricing. Respondents were presented with a scenario in which adaily
parking surcharge would be levied at their regular workplace. The daily parking surcharge ranged
between $1 and $3 per day for suburban work locations and between $3 and $8 per day for down-
town and other central Washington, D.C. locations. One parking pricing scenario was presented
to each respondent (based on their work location) in an open-ended question format. Their stated
adaptation responses were recorded into one of eight possible categories:

* No change in behavior
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* Switchto transit mode

e Switch to car/van pool mode
» Switchto bicycle

» Switch towalk

*  Work at home

» Change departure time

* Other

Theremainder of this section isintended to provide a brief
overview of the characteristics of the survey sample. The
average household size of the sample of 656 commutersis
about 2.7 persons per household, while the average car
ownership is about 2 cars per household. An interesting
feature of the sampleisthat auto availability per com-
muter is quite high with 90 percent of the sample residing
in households with one or more cars per commuter. The
gender distribution of the sampleindicates that 58 percent
of the respondents are male. Virtually al of the respon-
dents are licensed to drive. On average, the sample
reported a commute (one-way, home-to-work distance)
15.2 mileslong and 30 minutes in duration.

Table 1 shows the distribution of commute modes for the
sample. The commute mode is assigned based on that
used most frequently by a respondent on a weekly basis.

Table 1: Model split for commutetrip

(n=656)

Commute Mode Nll;:goerr]:f Perschegrt:ge
Drive Alone 458 70%
Transit 66 10%
Car/Van Pool 105 16%
Bike/Wak 20 3%
Other 7 1%

Table 2: Distribution of stated
adaptation responsesto parking price

TCM (n=656)

Response Option Ngzgoe;sf Perschegrt:ge
No Change 457 70%
Use Transit 72 11%
Use Car/Van Pool 66 10%
Use Bike/Walk 20 3%
Other? 41 6%

a. Other includes work at home and
change work/home location.

About 70 percent of the respondents usually drive alone to work, 10 percent use bus, rail, or
metro, and 16 percent use car or van pool. Only about 3 percent of the sample reported using non-

motorized modes for commuting purposes.

Table 2 provides the univariate distribution of stated adaptation responses for the sample of
respondents. About 70 percent of the respondents indicated that they would not change their
behavior even after the introduction of parking pricing. It should be noted, however, that this
includes those who currently use transit, car/van pool, and non-motorized modes of transporta-
tion. About one-quarter of the sample responded that they would switch to an alternate mode; as
expected, virtually all of these respondents currently drive aloneto work. As such, about 34.5 per-
cent of those who usually drive alone to work indicated that they would switch to an aternate
mode of transportation in the event of parking pricing implementation.

Comparative Analysis of Stated Adaptation Response Distributions

This section provides a summary of acomparative anaysis of different response groups in the
survey sample. For purposes of the comparison, four response groups are used:

* No change in behavior
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Table 3: Comparison of means acr 0ss r esponse groups

TCM Response Group
Varigble No |Switchto| Switchto |SwitchtoNon-| F-Sta
Change | Transit | Car/VanPool | motorized

No. of commuters 17 16 17 16 0.20
Yearsin current residence® 11.6 10.0 7.8 7.9 2.72
No. of vehicles?® 2.0 17 2.0 19 1.95
No. of bicycles? 15 1.0 154 1.0 2.28
Current parking charge® ($/month) $9.40 $18.01 $9.42 $1.05 2.25
Commute time” (min) 325 325 29.0 20.6 1.76
No. of days stopped on home-to-work trip? 1.29 0.39 1.20 1.25 2.90

a. Significant at 0.05 level
b. Significant at 0.10 level

* Switchto transit
» Switch to car/van pool
»  Switch to non-motorized modes (Bicycle and Walk)

As not much is known about the exact nature of the “Other” category, this response group is not
included in the analysis.

Table 3 offers a statistical comparison of means of selected socio-demographic variables across
response groups. The F-statistic can be used to test the null hypothesis that the means across
response groups are equal. If the F-statistic is larger than the critical value at the desired signifi-
cance level (()usual ly, 0.05), then the means may be considered to be significantly different from
one another®.

It was found that the average number of commuters per household is virtually identical across all
the TCM response groups. The F-statistic of 0.20 indicates that the null hypothesis of equality of
means can not be rejected. With regard to the number of years that the respondent has resided at
the current residence, it was found that the response groups indicating no change in behavior and
apotential switch to transit exhibited the longest durations of stay at one location. It appearsthat a
longer stay at one residential location contributes to two potential phenomena. Thefirst oneis
where commuters are resistant to changing their behavior and will continue habitual behavior
despite a change in the transportation environment. The second one is where commuters who
have resided at the same location for along time are more familiar with transit schedules and ser-
vice reliability that they would feel comfortable shifting to public transportation.

The response group indicating a potential switch to transit exhibited the lowest average vehicle
ownership rate. Presumably, these may also be the lower income households who would be most
affected, from afinancial standpoint, by the imposition of parking pricing. It isinteresting to note
that this same group also pays, on average, the highest parking charges at their current workplace.
As such, this group would be adversely affected by the imposition of an additional parking sur-
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charge over and above what they currently pay.

As expected, it isfound that the response group indicating a switch to non-motorized modes of
transportation has the lowest average commute time among al groups. Clearly, shorter commute
distances are more conducive to the use of such modes. While the groups indicating “no change”
and “switch to transit” exhibit identical average commute times at 32.5 minutes, the group that
would switch to car/van pool has a slightly lower commute time of about 29 minutes. Interest-
ingly, it isfound that the number of bicycles owned by a household does not play a significant
role in encouraging a switch to non-motorized modes of transportation. One may conjecture that,
while the availability of bicyclesisimportant, it is the commute distance or time that ultimately
determines whether a switch to the bicycle mode will be made.

Trip chaining is now widely recognized as an extremely important aspect of travel behavior that
has important implications for mode choice, destination choice, and departure time choice for trip
making. In order to assess the effect of trip chaining on commuter response to parking pricing, the
respondents were asked several questions regarding their usual trip chaining patterns on the way
to and from work. In Table 3, the average number of days per week that a commuter stops on the
way from home to work (for any trip purpose) is compared across response groups. The most
noteworthy finding is that those who indicate a potential switch to transit are those who are the
least proneto chain tripsto the work trip. While all other groupsindicate that they stop on the way
from home to work about 1.2 days per week, the group switching to transit exhibits an average of
only about 0.4. Trip chaining appears to deter a switch to the transit mode, but does not appear to
deter a switch to car/van pool or non-motorized modes of transportation. It is possible that infor-
mal car/van pools among household members, co-workers, or neighborswill still alow trip chain-
ing. With regard to those switching to bicycle and walk, it is possible that those trips previously
chained to the work trip will now be undertaken in separate trip chains (possibly using the auto-
mobile) or made by other household members.

The comparative analysis was further extended to include those socio-demographic and travel
indicators that are categorical in nature and for which sample means can not be easily interpreted.
Bivariate cross-classification techniques were used to analyze the effects of these variables on
parking pricing response distributions. Figures 1 through 8 constitute a set of notable and statisti-
cally significant cross-classifications that describe variationsin response distributions by different
socio-demographic and transportation variables. While there are several other cross-classifica-
tions that are also noteworthy and statistically significant, they are not included here for the sake
of brevity. The multivariate discriminant analysis presented in the next section sheds light on
other socio-demographic and transportation indicators that significantly influence commuter
responses to parking pricing.

Figure 1 shows the response distributions by level of parking pricing scenario. As mentioned ear-
lier, the parking pricing scenarios ranged from $1 per day to $8 per day. As expected, it isfound
that commuters who were presented with low parking pricing scenarios indicated a greater pro-
pensity to continue their current behavior. At higher parking pricing levels ($5 and greater),
respondents showed a greater propensity to shift to transit. The potential shift to transit is greater
than that to car/van pool presumably because those switching to car/van pool would still have to
share the parking costs. From the indications provided by thisfigure, it appears that the stated
response questionnaire provided plausible and useful data suitable for TCM analysis.
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Figure 5

Distribution by Availability of Transit
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Figure 2 examines response distributions by age category. This figure indicates that the percent-
age of respondents who would not change their behavior is virtually identical across al age
groups. However, among those who indicated a propensity to switch modes, it is found that com-
muters of older age groups (50 years and greater) are more prone to switch to transit while those
in lower age groups are more prone to switch to car/van pool. This finding has important implica-
tions for transit planners as it appears that there are clear differencesin potential transit usage
across different market segments.

Figure 3 shows that households residing in single family detached homes are least likely to
change commuting behavior. Households in single family detached homeslive in suburbs (where
transit serviceis poor), have longer commutes, are of larger household sizes, and belong to higher
income categories. Assuch, their resistance to change is explicable. Figure 4 further confirms that
higher income groups are less likely to change behavior. Lower income groups for whom the
financia impact of a parking pricing scheme is substantial indicate a greater propensity to switch
to transit and non-motorized modes of transportation. Middle income groups are found to choose
the car/van pool mode, possibly because they can afford to share parking costs.

Figures 5 and 6 clearly show that aternate modes need to be perceived to be available for people
to consider changing behavior. Similarly, the presence of a sidewalk appears to encourage a shift
to transit, car/van pool and non-motorized modes (Figure 7). The provision of pedestrian facilities
would allow commuters to walk to bus stops, transit stations, car/van pool pick-up locations, and
to work, thus making the use of alternate modes more user-friendly.

Finally, Figure 8 shows how commuters trade-off parking costs against walking time. In order to
achievethis, two alternatives were presented to survey respondents. First, commuterswould pay a
parking charge and walk one minute to their final destination or, second, commuters would pay
no parking charge and walk 10, 15, or 20 minutes to the final destination. The resultsyielded very
plausible indications. It was found that, as the parking price increases, willingness to pay
decreases. Also, within each price category, as walk time increases, willingness to pay increases.

The analysis presented in this section clearly showed that there are several socio-demographic
and transportation indicators that are significantly related to commuter responses to parking pric-
ing strategies. Also, the analysis provided very plausible resultsindicating that the stated response
data collected in the survey may be used for further analysis and modeling efforts.

Results of Multivariate Analysis

The analysis presented in the previous section considered the effects of socio-demographic and
travel variables on response distributions one at atime. However, for modeling purposes, it is nec-
essary to consider combinations of socio-demographic and travel variables that may explain com-
muter response to parking pricing. Multivariate discriminant analysisis a statistical procedure that
is particularly suited for conducting exploratory investigations prior to undertaking predictive
modeling efforts. Discriminant analysisis particularly suited to the analysis of discrete choice
variables such as that considered in this study, namely, commuter response to parking pricing
scenarios’.

Discriminant analysis involves the identification of linear combinations of variables that best
explain the group membership of sample units. In other words, linear functions of explanatory
variables that best distinguish among different response groups are estimated. While the explana-
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tory variablesincluded in the classification functions of different groups are identical, the coeffi-
cients associated with these variables may differ. These classification functions can be used to
classify new cases whose group membership is not known. Each caseis assigned to the response
group offering the highest classification function score. Alternatively, classification scores can be
used to compute the probability that a case belongs to a certain group using alogit type formula-
tion (6):

P. = M
ij

g
Q en(sw)

k=1
where:

g = Number of groups
Sj = Classification score of casei for group j
Pij = Posterior probability that case i belongsto group |

A stepwise discriminant analysis procedure was performed to allow explanatory variablesto enter
into the discriminant classification functions according to their statistical discriminatory power.
The results of the stepwise discriminant analysis corroborated results from the comparative and
bivariate analyses presented in the previous section. The variables that were entered into the clas-
sification functions include:

* Level of parking tax

* Type of housing unit

e Number of yearsin current residence

e Gender of respondent

» Age category of respondent

* Avallability of car/van pool mode

* Avallability of transit service

» Presence of bicycle path

*  Number of days per week stopped (for any trip purpose) on way from home-to-work
e Number of days per week stopped (for any trip purpose) on way from work-to-home
* Home-to-work commute time

» Parking charges currently paid by respondent

* Flexibility to leave work early

The results indicated that the level of parking tax imposed is one of the strongest determinants of
commuter response to parking pricing. The type of housing unit and the number of years of stay at
the same residential |ocation were also significant in explaining group membership. These find-
ings are very consistent with those documented in the previous section. Among socio-demo-
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graphic variables, the gender and age category of the respondent were found to be significant. In
general, females were found to be more resistant to changing their behavior than males, possibly
due to reasons dealing with household task allocation and safety. Variables representing the avail -
ability of alternative modes were important predictors of group membership. Trip chaining, as
evidenced by the number of days that commuters stopped on the way to or from work, was found
to deter shifts to alternate modes. As smaller commute times are more conducive to the use of
alternative modes, the home-to-work travel time entered into the classification function. Similar
to the result reported in the previous section, the parking charges currently paid by the respondent
significantly differed across response groups. Finally, it was interesting to note that the flexibility
to leave work early was also an important consideration in commuter response to parking pricing.
As switching to an alternative mode such as transit or car/van pool may require commuters to
leave work early (say, to catch abusor car poal), it is conceivable that flexible work hours are
more conducive to mode switching.

For the sake of brevity, coefficients associated with the discriminatory variablesfor each response
group have not been reported in this paper. The analysis reported here was intended to provide an
understanding of the factors influencing commuter response to parking pricing that may help
guide future modeling efforts. However, it isto be noted that the discriminant functions may be
used in practice within the context of the probability formulation presented earlier to predict trav-
eler response to parking pricing.

Conclusions

This paper reported on the analysis of stated adaptation data to better understand the factors that
affect commuter response to parking pricing based transportation control measures. Data from a
1994 activity-based travel survey conducted in the Washington D.C. metropolitan area was used
for analysis purposes. A sample of 656 commuters provided stated adaptation information on how
they might respond under a hypothetical parking pricing scenario. In general, it was found that
about 70 percent of the respondents would not change their behavior, while about 25 percent of
the respondents would switch to an alternative mode.

A comparative bivariate analysis and a multivariate discriminant analysis showed that several
socio-demographic and travel variables are significantly related to commuter responsesto parking
pricing. The level of parking pricing, type of household, gender and age of the commuter, avail-
ability of alternative modes, trip chaining patterns of the individual, income of the household, and
availability of flexible work hours were found to be important predictors of commuter response to
parking pricing. In addition, it was found that commuters trade-off walking time against the
amount they are willing to pay for parking. Commuters were willing to walk longer distances
(park in distant off-site locations) if it would entail lower parking charges.

Ongoing research efforts include the devel opment of discrete choice models of traveler response
to parking pricing, examination of secondary and tertiary changesin travel patterns that would
result from a mode switch, analysis of the impacts of an employer-paid transportation subsidy,
and the estimation of joint revealed preference-stated preference models to better account for the
relationships between revealed travel patterns and stated adaptation responses.
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